Diverse isomers of cyclohexanedicarboxylic acid (chdcH2) have been used to synthesize uranyl ion complexes in the presence of various possible counterions and, but for one case, under (solvo-)hydrothermal conditions. The cis isomer of 1,2-chdcH2 gives the complex [UO2(c-1,2-chdc)(H2O)2]·H2O (1), which crystallizes as an enantiomerically pure helical monoperiodic structure, while partial isomerization of the cis into the trans form yields [PPh4]2[(UO2)3(c-1,2-chdc)3(rac-t-1,2-chdc)(H2O)]·2H2O (2), a ladderlike monoperiodic assembly. The pure (1R,2R) enantiomer of t-1,2-chdcH2 gives [UO2(R-t-1,2-chdc)(H2O)] (3) containing a diperiodic assembly of hcb topological type. When reacted at room temperature, its racemic counterpart produces [UO2(rac-t-1,2chdc)(EtOH)]·H2O (4), a diperiodic species with the fes topological type isomorphous to other similar solvates. Using a mixture of the cis and trans isomers of 1,3-chdcH2 gives [NH4][NBu4][(UO2)2(c-1,3-chdc)2(t-1,3-chdc)] (5), the first instance of a triperiodic uranyl-containing framework obtained with this ligand. Finally, the complex [H2NMe2]2[(UO2)2(t-1,4-chdc)3] (6), containing the trans isomer of 1,4-chdc 2-, crystallizes as a triperiodic framework with ths topology, and displays sixfold-interpenetration, the highest degree found up to now in a uranyl ion complex.
INTRODUCTION
Among the many polycarboxylate families which have been used in the synthesis of uranyl-organic assemblies, [1] [2] [3] [4] [5] that of cyclohexanedicarboxylates appears to be a particularly versatile one, owing to the existence of three positional isomers (1,2-, 1,3-and 1,4-chdc 2-), each of them existing in the cis or trans forms, some of them being chiral, with the possibility of axial or equatorial positioning of the carboxylate groups. This gives rise to a large range of ligand geometry and connectivity and, in this respect, this family is more diverse than its aromatic counterpart comprised of only the three positional isomers of benzenedicarboxylate. Due to the proximity of the two coordination sites, 1,2-chdc 2is well suited to the formation of polynuclear, closed molecular species, and this has effectively been observed in a series of tetrahedral uranyl clusters held by the trans isomer t-1,2chdc 2-, either in its racemic or its enantiomerically pure (1R,2R) form, 6, 7 and also in an octanuclear uranyl cage involving the cis isomer c-1,2-chdc 2-. 8 At the other end of the series, both the cis and trans isomers of 1,4-chdc 2are divergent ligands which have been found to give mono-, di-or triperiodic assemblies (denoted one-, two-or three-dimensional, 1D, 2D or 3D, for convenience) with in the latter case rings sufficiently large to enable network interpenetration. 9 The formation of all these species, using (solvo-)hydrothermal methods, is highly dependent on the choice of the experimental conditions, and in particular on the nature of the counterions when the uranyl complexes are anionic, as is often the case. Modulating the counterions over a wide range, from the small NH4 + or alkali metal cations up to the large PPh4 + or macrocyclic metal ion complexes has allowed the isolation of varied polymeric species, 1D, 2D or 3D. [6] [7] [8] [9] [10] [11] [12] Considering the number of parameters involved, mainly related to ligand geometry and structure-directing effects of the counterions, that exert a possible influence on the connectivity in the final product, prediction of the outcome can only be conjectural. As a continuation of this work, we have now determined the 3 crystal structure of six uranyl ion complexes involving either c-1,2-chdc 2-, a mixture of c-and t-1,2-chdc 2-, the pure (1R,2R)-t-1,2-chdc 2enantiomer, c-1,3-chdc 2or t-1,4-chdc 2-. Some of these complexes are neutral, while others are anionic and contain diverse counterions. Overall, they provide an assortment of very different structures which give a more nearly complete spectrum of the species which can be obtained with these ligands and that we place within the context of our work with cyclohexanedicarboxylates in its entirety.
EXPERIMENTAL SECTION
Syntheses. Caution! Uranium is a radioactive and chemically toxic element, and uraniumcontaining samples must be handled with suitable care and protection. UO2(NO3)2·6H2O (depleted uranium, R. P. Normapur, 99%) was purchased from Prolabo, 1,3-cyclohexanedicarboxylic acid (c/t-1,3-chdcH2, mixture of cis and trans isomers) and 1,4cyclohexanedicarboxylic acid (c/t-1,4-chdcH2, mixture of cis and trans isomers) were from Aldrich, cis-1,2-cyclohexanedicarboxylic acid (c-1,2-chdcH2) and trans-1,4cyclohexanedicarboxylic acid (t-1,4-chdcH2) were from Alfa Aesar, rac-trans-1,2cyclohexanedicarboxylic acid (rac-t-1,2-chdcH2) was from Lancaster. The (1R,2R) enantiomer of t-1,2-chdcH2, denoted R-t-1,2-chdcH2, was isolated through crystallization with (R)-1phenylethylamine as a resolving agent, as in the literature, 13 Crystallography. The data were collected at 180(2) K (1 and 2) or 150(2) K (3-6) on a Nonius Kappa-CCD area detector diffractometer 14 using graphite-monochromated Mo K radiation ( = 0.71073 Å). The crystals were introduced into glass capillaries with a protective coating of Paratone-N oil (Hampton Research). The unit cell parameters were determined from ten frames, then refined on all data. The data (combinations of -and -scans with a minimum redundancy of 4 for 90% of the reflections) were processed with HKL2000. 15 Absorption effects were corrected empirically with the program SCALEPACK. 15 The structures were solved by intrinsic phasing with SHELXT, 16 expanded by subsequent difference Fourier synthesis and refined by full-matrix least-squares on F 2 with SHELXL-2014. 17 All non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms bound to oxygen and nitrogen atoms were retrieved from difference Fourier maps (except when indicated below), and the carbon-bound hydrogen atoms were introduced at calculated positions. All hydrogen atoms were treated as riding atoms with an isotropic displacement parameter equal to 1.2 times that of the parent atom (1.5 for CH3, with optimized geometry). Crystal data and structure refinement parameters are given in Table 1 . The molecular plots were drawn with ORTEP-3, 18 and the polyhedral representations with VESTA. 19 The topological analyses and nodal representations were made with ToposPro. 20 Specific details are as follows.
Compound 1. The two solvent water molecules were given occupancy factors of 0.5 in order to retain acceptable displacement parameters and, in the case of O11, so as to allow for a short contact with its image by symmetry. The hydrogen atoms bound to O11 were not found. Compound 6. One dicarboxylate ligand is disordered around a binary axis, so that a complete ligand with half occupancy has been refined with restraints for some bond lengths and displacement parameters. The two dimethylammonium counter-ions are also disordered (with further disorder of the nitrogen atom over two positions in one of them), and they were refined with occupancy parameters of 0.5 and restraints on bond lengths, angles and displacement parameters. The packing displays channels parallel to [ī01] centered on the rings apparent in the chains and containing columns of PPh4 + counterions. Within these columns, the counterions are associated in 13 twos through interactions of the 'sextuple phenyl embrace' type, 24 with PP distances of 6.833 (5) Å for P1 and 6.410(5) Å for P2 and they are also involved, as stated above, in CHO interactions with the anionic polymer. With a KPI of 0.69, the packing does not contain significant free space. The complex [NH4][NBu4][(UO2)2(c-1,3-chdc)2(t-1,3-chdc)] (5), shown in Figure 5 , contains both the cis and trans isomers of 1,3-chdc 2-, in agreement with the use of a mixture of the acids, as in one of the other three uranyl ion complexes with 1,3-chdc 2previously described, 27 whereas the cis isomer only was found in the other two cases. 11, 27 Each of the two independent uranyl cations in 5 is chelated by three carboxylate groups [U-O(oxo) 1.748 (18) orientation slightly rotated with respect to that in b.
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The complex [H2NMe2]2[(UO2)2(t-1,4-chdc)3] (6) is different from the other complexes with the cis and/or trans isomers of 1,4-chdc 2including H2NMe2 + cations already known. 9 This complex crystallizes in the orthorhombic space group Fddd, and the unique uranium atom, in general position, is here also chelated by three carboxylate groups ( Figure 6) 31 It is notable that the ths topology is one of the most frequently found in interpenetrating nets, and that the interpenetration degree of 6, although much less frequent than the smaller degrees (particularly 2 and 3) still represents a small but appreciable proportion of all interpenetrated nets 32 (much larger degrees are possible, as shown by the report of a 54-fold interpenetrated net, with the related {10 3 } srs topology 33 ). Interpenetration, 34, 35 as well as other entanglements such as polycatenation, 36 in uranyl-containing compounds is now relatively common, 9, 30, [37] [38] [39] [40] [41] [42] but, to the best of our knowledge, such a large degree of interpenetration as found in 6 has not been reported up to know, the degree being at most 3 in previous cases. The twofold might form cannot be answered simply on the basis of the structure found but the fact that hydrogen bonding to the H2NMe2 + counterions links the sixfold interpenetrated array of 3D polymers into a single higher array implies that crystallisation may be initiated by large polyion aggregates.
CONCLUSIONS
Although but a small family within the extensive range of polycarboxylate ligands, the isomers of cyclohexanedicarboxylates have provided uranyl ion complexes which, in the crystalline state, display a remarkable diversity of structure. [6] [7] [8] [9] [10] [11] [12] 27 All the complexes obtained up to now with the different isomers and enantiomers of 1,2-chdc 2are listed in Table 2 , which includes the chirality of the ligands used for the synthesis, the nature (centrosymmetric, chiral or otherwise) of the space group, the chirality of the final compound, the orientation, axial or equatorial, of the carboxylate groups and the periodicity of the structure. Overall, the number of coordinated cations is between 2 and 4. Additional geometric variations are induced by the possibilities of axial or equatorial positioning of the carboxylate groups. c-1,2-chdc 2is always in the ae form, but, although t-1,2-chdc 2is most often in the ee form, four cases displaying the aa conformation have been found (one of them in complex 2), a form that is rather rare in metal ion complexes generally, 43, 44 but is present in solution. 45 This ee-aa transformation turns a mostly convergent into a divergent ligand. c-1,3-chdc 2is always found in the ee form, in agreement with the results of experiments in solution, 45 and t-1,3-chdc 2in the ae one. As for 1,4chdc 2-, its cis isomer is always ae and its trans isomer is predominantly ee, but for four cases in which the latter, elongated conformation coexists with the kinked aa one, as found in other MOFs. 46 Perhaps the only common factor to be discerned in the whole present series is that the cyclohexane ring in the very large majority, if not all cases has a chair conformation, but, as just seen, this does not however restrict its substituents to a particular orientation (axial or equatorial) and free rotation about the C-CO2 bonds adds a further degree of flexibility to the ligand coordination modes.
Worthy of note are also the occurrences of isomerization leading to partial conversion of c-1,2- 
